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FIELD OF THE INVENTION: 

5 

This invention relates generally to wireless communication systems and methods 
and, in particular, relates to techniques for signaling neighbor channel 
measurement information from a wireless network to a mobile station. 

10 BACKGROUND OF THE INVENTION: 

It will be useful to provide an Enhanced Observed Time Difference (E-OTD) 
functionality in the U.S. Time Division Multiple Access (TDMA) wireless 
standard known as ANSI- 136. The E-OTD would be used by the mobile station 
15 and the wireless network when making measurements of neighboring cell base 
stations, and is thus important for determining the location of the mobile station. 

In practice, the E-OTD method for mobile station neighbor base station 
measurements is based on mobile station-made measurements of observed time 

20 differences between a reference base station and at least two neighbor base 
stations. A wireless network element known as a Location Measurement Unit 
(LMU) is associated with all or substantially all base transceiver stations, also 
referred to as base stations. The LMU measures the real time difference (RTD) 
between the transmission timing of neighbor base stations and the reference base 

25 station. When the OTD and the RTD are known the Geometric Time Difference 
(GTD) can be calculated as: GTD=OTD-RTD . 

While the use of the E-OTD has been standardized in Global System for Mobile 
Communications (GSM) wireless networks, at present there is no standard 
30 available to provide E-OTD fanctionahty for ANSI- 136 networks. A simple 
incorporation of the E-OTD GSM functionality into ANSI- 136 is not practical, as 
a mmiber of differences exist between the air interfaces of GSM and ANSI-136. 
For example, ANSI-136 does not support the Base Station Identity Code (BSIC) 
that is supported by GSM. Other significant differences exist as well. 

35 

As a further example, in the ANSI-136 network the mobile station (e.g., a cellular 
telephone or personal communicator) receives from an Extended Broadcast 
Control Chaimel (E-BCCH) a neighbor list of base stations. The neighbor list 
includes a frequency channel number and a Digital Voice Color Code (DVCC) 


2 

for a frequency channel that the mobile station is expected to measure. The 
DVCC is used to identify the base station that transmit's the frequency channel, 
and each frequency channel transmitted by a given base station will typically 
include a different DVCC, and the same frequency transmitted by two different 
5 base stations will ideally also have different DVCCs. A problem arises in that the 
mobile station must ensure that the channel that it is measuring is the correct 
channel, and not a channel being received from a base station in some other cell. 
This could be done by relying on a proper network design, or by receiving the 
Fast Broadcast Control Channel (F-BCCH) on the neighbor cell Digital Control 

10 Channel (DCCH) and decoding the DVCC field that is a part of the F-BCCH. 
The mobile station could then verify that the decoded DVCC is the same as was 
broadcast in the neighbor cell message on the serving cell's DCCH. 
Unfortunately, the reception of the neighbor cell F-BCCH requires a period of 
time that is greater than one second, which would result in unacceptable delays 

15 for the E-OTD measurement process. As such, a need exists to quickly and 
reliably identify a charmel to be measured. 

A further problem arises in regard to the actual measurement report from the 
mobile station to the Serving Mobile Location Center (SMLC) of the wireless 
20 network, as the mobile station must identify the chaimel that it has measured. 
Simply providing a channel number is not sufficient as additional information, 
such as chaimel number and the channel's DVCC, would provide better 
information. Even further information, such as the channel number, DVCC and 
the hyperband information, would be preferred. 

25 

As a point of reference, in the GSM system the following alternative procedures 
can be used by the mobile station for identifying a neighbor cell that is measured: 

1. the cell identity is conveyed by using CI, and the Location Area Code (LAC) is 
30 the same as the current serving base station; 

2. the cell identity is conveyed using the 51 Multiframe offset and the BCCH 
carrier; 

3. the cell identity is conveyed using an index that refers to the Base Transceiver 
Station (BTS) listed in the Measure Position Request component (the indicated 

35 reference BTS is 1); or 

4. the cell identify is conveyed using an index that refers to the BTS listed in the 
BCCH allocation list (System Information Neighbor Lists) of the serving BTS. 
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The first three techniques are not apphcable to the ANSI-136 system. The fourth 
technique might be apphcable, but it is network implementation specific, and 
thus may not be applicable universally across all ANSI-136 networks. This 
would cause a problem when the mobile station roams between networks. 

5 

OBJECTS AND ADVANTAGES OF THE INVENTION: 

It is a first object and advantage of this invention to provide an improved 
technique for making neighbor base station measurements. 

10 

It is another object and advantage of this invention to provide a technique to 
reliably and quickly make E-OTD measiirements in a non-GSM TDMA wireless 
network. 

15 It is a further object and advantage of this invention to provide a technique to 
reliably and quickly make E-OTD measurements in an ANSI-136 TDMA 
wireless network. 

SUMMARY OF THE INVENTION 

20 

The foregoing and other problems are overcome and the foregoing objects and 
advantages are realized by methods and apparatus in accordance with 
embodiments of this invention. 

25 A method is disclosed for making Enhanced Observed Time Difference (E-OTD) 
measurements with a mobile station. The method includes steps of (a) 
synchronizing to a neighbor base station and receiving a Digital Traffic Chaimel 
(DTC) time slot that is on the same fi-equency with a desired Digital Control 
Channel (DCCH) that is to be measured; (b) detecting and decoding a Coded 

30 Digital Voice Color Code (CDVCC) in the DTC to obtain a DVCC; (c) verifying 
that the received signal is a correct signal for receiving a DCCH by comparing 
the received DVCC with a DVCC that forms a part of a base station neighbor list; 
and (d) measuring the E-OTD and associating the DVCC, the channel number 
and hyperband information with the E-OTD measurement resulting in an E-OTD 

35 measurement report that is transmitted to a Serving Mobile Location Center 
(SLMC). 
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In another aspect this invention provides a method for making measurements of 
neighbor base stations with a mobile station. This method includes steps of (a) 
receiving a measurement list of neighbor base stations, the list including 
information for identifying at least one neighbor base station that transmits a 

5 frequency channel to be measured; (b) tuning to a frequency channel transmitted 
by the neighbor base station, the frequency channel containing a control channel 
used for making a measurement; (c) verifying that the frequency channel is a 
frequency channel transmitted by the base station to be measured by receiving a 
traffic channel that is on the same frequency channel and extracting from the 

10 received traffic channel certain information that can be used to identify the base 
station that transmits the traffic chaimel; (d) comparing the extracted information 
with the information for identifying the neighbor base station that was received in 
the measurement list to ensure that the correct frequency channel is being 
received; and (e) associating the extracted information with the result of the 

15 measurement. 

In the preferred embodiment of this invention the measurement is an E-OTD 
measurement, the information comprises a DVCC, and the step of extracting 
includes a step of decoding a CDVCC field that forms a part of a received DTC 
20 that is in the same RF channel with a DCCH used for the measurement. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above set forth and other features of the invention are made more apparent in 
25 the ensuing Detailed Description of the Invention when read in conjunction with 
the attached Drawings, wherein: 

Fig. 1 is a simplified block diagram depicting a wireless communications system 
that is suitable for practicing this invention; 

30 

Fig. 2 depicts the forward hnk Digital Traffic Channel (DTC) slot structure as 
defined in TIA/EIA-136-131-A; 

Fig. 3 shows the forward link DCCH slot structure as defined in TIA/EIA136- 
35 121-A; 

Figs. 4 A and 4B are useful in understanding the operation of the LMUs in 
measuring a Real Time Difference (RTD) between two base stations, as well as 


5 

the operation of the mobile station in measuring an Observed Time Difference 
(OTD) between the same two base stations; and 

Fig. 5 is a logic flow diagram that is useful in explaining a method in accordance 
5 with this invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring to Fig. 1, there is illustrated a simplified block diagram of an 
10 embodiment of an exemplary wireless telecommunications system 1 that includes 
a mobile station 10. Fig. 1 also shows an exemplary network operator 2 having, 
for example, a mobile switching center (MSC) 3 for connecting to a 
telecommunications network, such as the Public Switched Telephone Network or 
PSTN, at least one base station controller (BSC) 4, and a plurality of base 
15 transceiver stations (BTS) 5A, 5B, 5C, collectively referred to as the BTS 5, that 
transmit in a forward or downlink direction both physical and logical channels to 
the mobile station 10 in accordance with a predetermined air interface standard. 
It is assumed that a reverse or uplink communication path exists from the mobile 
station 10 to the network operator, which conveys mobile originated access 
20 requests and traffic, including possibly packet data traffic. 

One BTS 5 is assumed to be the currently serving BTS 5A, or reference (REF) 
BTS, and at least one or two others are assumed to be neighbor BTSs 5B, 5C that 
are included in a neighbor channel list received by the MS 10, and which the MS 
25 10 is to measure using the E-OTD process in accordance with the teachings of 
this invention. 

In the presently preferred, but not limiting, embodiment of these teachings, the 
air interface standard conforms to a Time Division Multiple Access (TDMA) air 
30 interface, such as one known as ANSI- 136. 

The network operator 2 is assumed to include a Serving Mobile Location Center 
(SMLC) 6 that is to receive the Real Time Difference (RTD) measurement data 
fi-om a plurality of Location Measurement Units (LMU) 7, individual ones of 
35 which are associated with individual ones of the BTSs 5. Each LMU 7 includes a 
receiver for receiving signals Irom the other base stations 5 whose transmissions 
are not synchronized to one another. Referring also to Fig. 4A, the LMU 7 
measures the time differences between a pair (BTS A, BTS B) of received base 
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Station 5 transmissions and, since the locations of the BTSs 5 can be known with 
great precision, the LMU 7 can calculate the RTDs between the signals received 
from the different BTSs. The LMUs 7 transmit the calculated RTDs to the SMLC 
6, which calculates the Geometric Time Difference (GTD) as: GTD=OTD-RTD. 

5 

The mobile station 10 measures the OTD between base stations A and B using an 
OTD measurement unit 26 (see Fig. 4B) for the different BTSs 5, but it cannot 
determine the RTD, as it does not have knowledge of the locations of the BTSs 5, 
or of its own location. The mobile station 10 thus transmits the measured OTD 

10 values to the SMLC 6 via the serving BTS 5, which uses the OTD in accordance 
with the foregoing expression to calculate the GTD. For the case of one pair of 
BTSs 5, the result is a geometric (hyperbolic) curve on which the mobile station 
10 Ues. By calculating these curves for at least two pairs of BTSs 5, the 
intersection point of the curves gives the actual location of the mobile station 10. 

15 Note in Fig. 4B that the OTD happens to be greater than the RTD because of 
different propagation delays. 

The mobile station 10 typically further includes a microcontrol unit (MCU) 12 
having an output coupled to an input of a display 14 and an input coupled to an 

20 output of a keyboard or keypad 16. The mobile station 10 may be considered to 
be a handheld radiotelephone, such as a cellular telephone or a personal 
communicator, and may have a microphone and a speaker (not shown) for 
conducting voice communications. The mobile station 10 could also be contained 
within a card or module that is connected during use to another device. For 

25 example, the mobile station 10 could be contained within a PCMCIA or similar 
type of card or module that is installed during use within a portable data 
processor, such as a laptop or notebook computer, or even a computer that is 
wearable by the user. 

30 The MCU 12 is assumed to include or be coupled to some type of a memory 13, 
including a read-only memory (ROM) for storing an operating program, as well 
as a random access memory (RAM) for temporarily storing required data, 
scratchpad memory, received data packets and data packets prepared for 
transmission, etc. A separate, removable SIM (not shown) can be provided as 

35 well, the SIM storing, for example, a preferred Public Land Mobile Network 
(PLMN) list and other subscriber-related information. The ROM is assumed, for 
the purposes of this invention, to store a program enabling the MCU 12 to 
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execute the software routines required to operate in accordance with the presently 
preferred E-OTD measurement and reporting process. 

The mobile station 10 also contains a wireless section that includes a digital 
5 signal processor (DSP) 18, or equivalent high speed processor, as well as a 
wireless transceiver comprised of a transmitter 20 and a receiver 22, both of 
which are coupled to an antenna 24 for communication with the network operator 
1. The mobile station 10 uses the receiver 22 to receive transmissions from the 
reference BTS 5, as well as from the neighbor BTSs 5, for E-OTD measurement 
10 purposes, and uses the transmitter 20 to report the measurement results from the 
OTD measurement unit 26 to the SLMC 6. 

hi the presently preferred embodiment of this invention, embodied as the TDMA 
E-OTD wireless system, the MCU 12 and DSP 18 cooperate with the OTD 

15 measurement unit 26, which could be implemented with software routines, to 
measure OTDs, and the SMLC 6 receives the OTD reports from the OTD 
measurement unit 26. Preferably, the mobile station 10 measures the OTD 
between the serving BTS 5A DCCH and at least two neighbor Base Station 5B 
and 5C DCCHs and reports the values to the SMLC 6. The SMLC 6 then 

20 calculates the mobile station 10 geographical coordinates (GTD) using the RTD 
values received from the LMUs 7 and the OTD values received from the mobile 
station 10, by known methods (see, for example, GSM 03.71, GSM 04.31 and 
GSM 04.71, incorporated by reference herein), which is the desired result. 

25 Fig. 2 shows the downlink or forward (BST5 to mobile station 10) Digital Traffic 
Channel (DTC) slot structure as defined in TIA/EIA-136-131-A, while Fig. 3 
shows the downlink DCCH slot structure as defined in TL\/EIA-136-121-A. 
Note that the DCCH slot does not include the CDVCC (Coded Digital Voice 
Color Code) element that is included in the DTC. The CDVCC is defined in 

30 Section 1.2.5 of TIA/EIA-IS- 136.2 (Rev. A), where it is referred to as the Coded 
Digital Verification Color Code, along with the procedure for forming the DVCC 
information word polynomial. 

However, the DVCC (the value of which identifies a base station that transmits a 
35 frequency channel (channel number) via a BTS 5) is broadcast in the F-BCCH 
sub-channel of the DCCH. The periodicity of the F-BCCH sub-channel is 640 
milliseconds, resulting in up to one second to receive the full cycle of F-BCCH 
data. The one second delay per neighbor base station would thus add three 
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seconds to the E-OTD measurement delay in the case of the three neighbor BTSs 
that were being measured. This amount of delay would be objectionable. 

In further detail, the DVCC is used to identify a transmission and not a frequency 
5 channel per se, as the mobile station 1 0 is receiving a signal and is aware of the 
frequency charmel on which the signal is received. However, the problem is that 
the mobile station 10 cannot know from which base station the channel was 
transmitted. The DVCC is therefore used to identify the transmission (not the 
frequency channel number, for that is known). The DVCC must be different on 
10 neighboring base station, so that their transmissions can be distinct. The DVCC 
may differ between different channels of a single base station, and in theory 
could differ between different time slots transmitted on a single frequency 
channel. For example, in full rate case there are the slots on one frequency for 
three different subscribers. The DVCC does not, however, have to be different in 
15 different slots or different channels. Thus, and in accordance with an aspect of 
these teachings, with the aid of the DVCC the transmitting base station can be 
identified, and the mobile station 10 is assured that the correct neighbor base 
station's transmission on the traffic channel is being received. 

That is, and in accordance with the teachings of this invention, when the mobile 
station 10 synchronizes to the neighbor BTS 5B it receives the DTC time slot that 
is on the same frequency with the DCCH. The mobile station 10 detects and 
decodes the CDVCC field in the DTC. The mobile station 10 then verifies that 
this is indeed the correct DCCH frequency by comparing the received DVCC 
with the DVCC that it received as part of the neighbor list of the serving BTS 5A, 
i.e., the neighbor list received in the DCCH of the serving BTS 5 A. The mobile 
station 10 then adds or appends the DVCC with the associated channel frequency 
(channel number), as well as hyperband information, and the OTD in the E-OTD 
measurement report that is sent from the mobile station 10 to the SMLC 6. This 
technique thereby provides for the E-OTD measurement technique to be used in a 
non-GSM TDMA system (e.g., in the ANSI-136 system), and also avoids the 
lengthy time delays that would be experienced if the F-BCCH were to be used for 
obtaining the DVCC of the measured channel. 

35 In the typical case the DVCC is the same on different slots, but this need not be a 
requirement. In this invention it is recognized either that the DVCC is the same 
in different slots, or that it varies in different slots. For example, assume that the 
default DVCC is 150, and when receiving slot 2 a DVCC value of 152 is 
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encountered. This new value can be simply reported to the network operator 2, 
which is assumed to have knowledge of the fact that the DVCCs 150 and 152 
belong to the same base station. 

5 With regard to the above-mentioned hyperband information, this information is 
retrieved by checking in which neighbor list the neighbor BTS 5B is listed on the 
DCCH. There are two neighbor lists: (i) Neighbor List (TDMA) and (ii) 
Neighbor List (Other Hyperband). The Neighbor List (TDMA) is defined to 
contain channel numbers in the 800 MHz band, and is meant for use by those 

10 mobile stations 10 that support only the 800 MHz band operation, and not 1900 
MHz band operation (i.e., "single-band mobile stations" or "single-banders"). 
The Neighbor List (Other Hyperband) contains at least 1900 MHz band channels. 

The hyperband information thus defines the hyperband that is being used (e.g., at 
15 present the 800 MHz band or the 1900 MHz band, and possible other bands in 
the future). The information concerning the hyperband is preferably included, as 
the channel number alone does not indicate with which fi-equency band the 
charmel number is associated. 

20 Referring now to Fig. 5, a method in accordance with the foregoing teachings 
will now be described. The method is for making measurements of neighbor base 
stations 5 with the mobile station 10, and includes at Step A receiving a 
measurement list of neighbor base stations 5B, 5C. The list contains information 
for identifying fi-equency channels transmitted by the neighbor base stations. At 

25 Step B the mobile station 10 tunes to a frequency channel transmitted by a 
neighbor base station 5B, where the frequency channel contains a control charmel 
used for making a measurement. At Step C the mobile station 10 verifies that the 
frequency channel is a correct frequency channel transmitted by the neighbor 
base station to be measured by receiving a traffic channel that is on the same 

30 frequency charmel, and by extracting from the received traffic charmel certain 
information that can be used to identify the base station that transmits the traffic 
channel. At Step D the mobile station 1 0 compares the extracted information with 
the information used for identifying the neighbor base stations that transmit 
frequency channels received in the measurement list, and thus ensures that the 

35 correct frequency channel is being received. At Step E the mobile station 10 
associates the extracted information with the result of a measurement. 
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In the preferred embodiment the measurement is an Enhanced Observed Time 
Difference (E-OTD) measurement, the information is comprised of a Digital 
Voice Color Code, and the Step C of extracting information includes a sub-step 
of decoding a Coded Digital Voice Color Code field that is a part of the DTC that 
5 is in the same RF channel as the DCCH used for the measurement. 

hi the preferred embodiment the Step E of associating the extracted information 
operates to include a channel number, a hyperband, and the DVCC with the result 
of the E-OTD measurement that is reported to the wireless network 2 from the 
10 mobile station 10. 

While the invention has been particularly shown and described with respect to 
preferred embodiments thereof, it will be imderstood by those skilled in the art 
that changes in form and details may be made therein without departing from the 
15 scope and spirit of the invention. 


